Objective: This study aimed to verify a possible correlation between panic symptoms and photosensitivity, not only in panic disorder (PD) but also in the panic-agoraphobic spectrum.
R ecent studies report that seasonal and, in general, environmental changes significantly influence the onset and course of panic disorder (PD), especially in comparison with other anxiety disorders (1) . In fact, although PD is defined as a chronic disorder, long periods of remission alternating with periods of exacerbated symptomatology are observed, particularly in summer (1) (2) (3) (4) . Various studies report more frequent onset of the disorder between March and August (2, 5, 6) . Moreover, most patients (76%) experience their first panic attack (PA) during the day (between 6:00 AM and 6.00 PM) (7, 8) . Morning attacks are more common than evening ones (6) . However, recrudescence in winter (that is, during December and January) with well-being during the rest of the year is sometimes described; in these cases, PD is often comorbid with a seasonal affective disorder (SAD) or a subsyndromic SAD, and a recurrence of panic attacks coincides with mood changes (9, 10) . Therefore, PD with winter relapses may represent a variant of SAD (11) . We could also assume the existence of 2 kinds of PD (one with summer worsening and the other with winter aggravation of the symptomatology), each demonstrating a different etiopathogenesis and clinical course (2) .
Of the several environmental variables with a seasonal pattern, light stimulation seems to be most implicated in the complex pathogenic mechanism of PD. This is confirmed both by recent research data and by clinical evidence. For example, intermittent fluorescent light can bring about a violent anxious reaction (in particular, somatic symptoms typical of PA and depersonalization-derealization symptoms, rather than cognitive and behavioural elements) in patients with PD or agoraphobia (12, 13) . Clinically phobic behaviour is often described in patients with PD. Instinctively, they take shelter from light by wearing dark glasses; they prefer winter to summer; they choose shady places; and they avoid sun exposure at midday and vacations at the sea in summer (7, 14) .
The sensitivity to light exhibited by patients with PD raises a question about the structures involved in these phenomena. McIntyre hypothesizes a pineal gland dysfunction that leads to excessive sensitivity to environmental light variations (15) . This dysfunction may arise when the first 3 months of postnatal life coincide with a poor light stimulation period (16, 17) . Some authors suggest that the retinal structures are involved in the PD pathogenesis-an involvement related to the development of the central nervous system (CNS), particularly the primary visual cortex, which is specifically influenced by environmental light stimuli (18, 19) . In a retrospective study carried out in our institute, a peculiar seasonal distribution of birth dates in patients affected by PD was observed; specifically, birth dates in autumn and winter increased, with a peak in September (1) . Therefore, we hypothesize that lack of light exposure in the early months following birth, which is fundamental for the development of the CNS and visual structures, may be a predisposing factor for PD onset.
Dopamine is the most studied retinal neurotransmitter; it seems to play a major role in the transmission of light stimuli (20) (21) (22) . Moreover, all disorders linked to a dopaminergic system disturbance, specifically, substance-induced psychotic disorders (23) , psychomotor excitement of bipolar disorder (2, (24) (25) (26) (27) (28) (29) , and some features of the schizophrenia spectrum (25, (30) (31) (32) (33) (34) worsen in summer. Light may induce panic attacks through a dopaminergic pathway; in fact, dopamine agonist substances (for example, cocaine and levodopa) can bring about panic attacks (35) (36) .
The serotonergic system has also been brought up in the attempt to explain light hypersensitivity in patients with PD. This system undergoes significant changes during the year in relation to climatic and environmental parameters, especially the photoperiod. Klein presumes an influence of the serotonergic system in PD pathogenesis through a modulation of other, mainly norepinephrine, neurotransmitters (37, 38) .
Aside from biological structures involved in the relation between light and PD, light hypersensitivity, which underlies photophobic behaviour, does not seem to be a specific trait of PD (3, 39) . However, it is widely found in other psychiatric disorders, such as certain mood disorders (for example, SAD; 40) and psychotic disorders (3) . Therefore, photosensitivity may be depicted as a transnosographic dimension expressed in different ways in various psychiatric disorders (2) .
The relatively frequent finding of photophobia in patients with PD, as shown by clinical observation and data in the literature, leads us to the conjecture that photosensitivity is a relatively stable dimension of the panic-agoraphobic spectrum that includes agoraphobia, hypochondriasis, and substance and medication sensitivity (41) .
Recently, the application of the spectrum model to PD and other psychiatric disorders has become more widespread. This model proposes to fill the gap between the categories that meet DSM criteria and prodromal, residual, subclinical, and atypical states of psychiatric disorders. The wide range of symptoms included in the spectrum can be associated with high levels of discomfort and maladjustment, even when the evident disorder is absent, and in the presence of an Axis I disorder, can interfere with the choice and efficacy of treatment.
The need for adequate assessment instruments applicable to a spectrum model has led to the elaboration of specific structured clinical interviews, such as the Structured Clinical Interview for Panic-Agoraphobic Spectrum (SCI-PAS), designed to assess panic-agoraphobic spectrum. This instrument is available in a lifetime version (SCI-PAS-Lifetime), a lastmonth version (SCI-PAS-Last Month) and a last-week version (SCI-PAS-Last Week) (40) . Perugi and others outline a set of preexisting and egosyntonic subthreshold symptoms that indicate a temperament predictive of PD; it is represented by increased activity of the sympathetic system, with sporadic and isolated symptoms such as dyspnoea, palpitations, sweating, heat intolerance, dizziness, and feelings of instability. Also belonging to the panic-agoraphobic spectrum are hypochondriasis; sensitivity to loss; difficulty in leaving one's home environment, with consequent reduced explorative behaviour; high need for reassurance; and sensitivity to substances and medications, especially caffeine and stimulants such as cocaine and amphetamine (42) .
The continuity between the evident disorder and spectrum symptoms suggests that the the same pathogenetic factors exist; for both conditions, light hypersensitivity may be one of these factors.
Although the spectrum model is applied more and more frequently, there have been no studies of light sensitivity and season of birth in subjects exhibiting panic-agoraphobic spectrum features, although they do exist in the sphere of diagnosed PD. Investigating light sensitivity in these subjects may help to clarify the relation between photosensitivity and PD and its spectrum; it may also help the assessment of whether this dimension represents a state component exclusively present in patients with PD at appraisal time only or a trait component that is detectable in the absence of PD criteria but associated, in any case, with panic-agoraphobic spectrum elements.
Our study, therefore, aimed to verify whether there is a correlation between the panic-agoraphobic spectrum and photosensitivity. We investigated photosensitivity in its subdimensional entities, photophobia and photophilia. Another study aim was to provide an outside test of validity and reliability for the panic-agoraphobic spectrum model, which is presently supported by clinical evidence only. If both the panic-agoraphobic spectrum and PD showed similar epidemiological and clinical data-for example, a similar relation to photosensitivity measures-that finding would further support the spectrum model, because the latter would prove more closely correlated to PD.
Methods
We recruited the study sample at random from the general population resident in the municipality of Siena. Of 169 subjects, 109 were women (64.5%), and 60 were men (35.5%). They ranged between age 19 and age 66 years (mean 26.53 years, SD 9.49), and we selected them to be homogeneously distributed by month of birth. Participants were recruited by telephone and interviewed at the Department of Neuroscience, Division of Psychiatry, University of Siena. The study, performed according to the dictates of the Helsinki Declaration (43) , was approved by the university's ethical committee. All participants provided informed consent.
Only healthy and drug-free subjects were included in the study. We administered the Mini International Neuropsychiatric Interview (MINI, 44) to exclude subjects with psychiatric disorders. From their case histories, we identified and excluded subjects affected by general medical conditions. Each subject completed the SCI-PAS-Lifetime and the Photosensitivity Assessment Questionnaire (PAQ). We used the SCI-PAS-Lifetime to assess the panic-agoraphobic spectrum (39) . It comprises 114 items grouped according to the following 8 domains: 1) separation sensitivity (divided into 2 sections, separation anxiety and loss sensitivity), 2) panic-like symptoms (including one section for typical panic-like symptoms and another section for atypical panic-like symptoms), 3) stress sensitivity, 4) substance and medication sensitivity (consisting of 2 sections, substance sensitivity and medication phobia), 5) anxious expectation (that is, anticipatory anxiety and alarm state), 6) agoraphobia (with typical and atypical symptoms), 7) illness-related phobia, 8) reassurance orientation (divided into help-seeking, counterphobic measures, and dramatization).
We established that each domain was fulfilled if the interviewed subject affirmatively answered more than 3 questions for domains 1, 2, 4, 5, 6, 7, and 8, as well as 2 questions for field 3. It is also possible to consider the total score formed by the sum of items with an affirmative answer.
The PAQ, used to investigate light sensitivity (Table 1) , tests photophobic and photophilic behaviour. It has recently been validated in the Italian population (45) . The PAQ has 16 items, 8 of which are related to avoidance behaviours (the photophobia subdimension) and 8 of which are related to light-seeking behaviour (the photophilia subdimension). The total score of each subdimension is formed by the sum of its items having an affirmative answer (46, 47) .
We used the SPSS statistical package for scientific research (48) to process data, employing either the Spearman rank correlation coefficient for bivariate data or the Mann-Whitney U test. We chose these applications because some variables were not normally distributed. We set a significance level of P < 0.05.
Results
We found a Gaussian distribution for SCI-PAS-Lifetime scores; the mean SCI-PAS-Lifetime total score was 27.37, SD 15.5. The scores on the PAQ were as follows: for photophobia, mean 2.57, SD 2.29; for photophilia, mean 5.4, SD 2.37. Photophobia scores did not show a Gaussian distribution: the frequency of low scores was greater, in the range of the general Italian population, and scores appeared significantly lower than those obtained from PD patients in an earlier study (46) (mean 2.57, SD 2.29 and mean 6.22, SD 1.98, respectively; P < 0.001). Photophilia scores also did not show a Gaussian distribution, yielding a greater frequency of high scores. Comparing the results obtained from the 2 questionnaires, we found that the SCI-PAS-Lifetime total score was positively correlated with the total score of the PAQ photophobia subdimension (r = 0.44; P < 0.001). Conversely, the SCI-PAS-Lifetime total score was not significantly correlated with the photophilia subdimension (r = 0.06; P = 0.47) (Figure 1 ).
In our sample, the SCI-PAS-Lifetime scores of almost all single domains were significantly correlated among themselves and followed a direct linear relation. This positive correlation was also evident between the PAQ photophobia subdimension and SCI-PAS-Lifetime single domains. In fact, we observed that, as photophobia increased, scores on all SCI-PAS-Lifetime domains increased significantly (Table 2) . Bivariate correlation showed higher coefficient correlation between the panic-like symptoms domain and photophobia (r = 0.44; P < 0.001).
Positivity for each SCI-PAS-Lifetime domain was determined by the threshold we established. When we employed the Mann-Whitney U test, the photophobia level was significantly higher in subjects who showed positivity in the following domains: separation sensitivity (P < 0.001), panic-like symptoms (P = 0.001), substance and medication sensitivity (P = 0.003), agoraphobia (P < 0.001), and reassurance orientation (P < 0.001) (Table 3) . Conversely, we found a significantly higher photophilia level only among subjects with positivity in the anxious expectation domain (P = 0.03).
Discussion
A high total score in the SCI-PAS, which indicates more typical features of the spectrum, is associated with a higher level of light sensitivity and intolerance of bright stimuli. This finding reflects clinical evidence that widely documents photophobic behaviours in subjects with PD as well as the importance of light stimuli exposure during the onset and course of such a disorder (2-4,6-8). Thus bright stimulation seems to be relevant both for subjects with PD diagnosed according to current DSM criteria and for those suffering from the panic-agoraphobic spectrum, with symptoms ranging from obvious disorder through subclinical states to a condition approaching normal. We have not considered the relation between the panic-agoraphobic spectrum and the general aversion to stimuli (that is, not only bright but also sensory and somatic stimuli) that characterizes PD (49) . This stimuli aversion is partially considered in the SCI-PASLifetime section related to atypical panic-like symptoms. Indeed, even separate panic spectrum dimensions-separation sensitivity, panic-like symptoms, stress sensitivity, substance and medication sensitivity, anxious expectation, agoraphobia, illness-related phobia, and reassurance orientation-are proportionally increased with increased photophobia.
Interestingly, panic-like symptoms is the dimension most correlated with photophobia. Panic attack symptoms are the prevalent element in DSM-IV diagnostic criteria for PD, and following a model that postulates the existence of a continuum between PD and the panic-agoraphobic spectrum, we can suppose that subjects with a considerable number of panic symptoms are near the PD clinical threshold. According to this hypothesis, high photophobia levels will be found more frequently in patients affected by PD and in subjects who are close to meeting its diagnostic criteria.
Whether light sensitivity is a pathogenic element of PD and its associated manifestations, and therefore a prior and predisposing factor in the development of such syndromes, or whether it is, rather, a consequence of the onset of a panic-agoraphobic spectrum condition remains an open question. Photosensitivity itself may thus represent a dimensional entity of this spectrum. PD, its spectrum, and photophobia may also be epiphenomena of the same biological, neurostructural, or neurochemical changes probably implied in PD pathogenesis.
By contrast, photophilia seems to be an independent subdimension when it is compared with characteristic panic spectrum elements, a finding confirming the results of a recent study that demonstrated higher photophobic scores, but not lower photophilic ones, in patients affected by PD, compared with control subjects (46) . Conversely, we cannot explain the presence of higher levels of photophobia in subjects scoring positive in the anxious expectation domain of the SCI-PAS-Lifetime, nor are there any data about this topic in the literature. This finding suggests to us that anxious expectation is a dimension more tightly correlated to mood disorders such as generalized anxiety disorder (50), which can be associated with photophobic behaviours.
A significant relation between light sensitivity and the panic-agoraphobic spectrum has interesting etiopathogenetic and clinical implications. Light hypersensitivity has often been considered a possible factor of panic attack pathogenesis, and several studies suggest a neurobiological hypothesis to explain the relation between light and panic attacks (15) (16) (17) (18) (19) (20) . Our data also seem to confirm the existence of such a relation in the panic spectrum, suggesting the importance of further studies to more carefully investigate etiopathogenetic factors and their relation to panicagoraphobic dimensions.
The possible presence of panic spectrum elements in patients affected by psychiatric disorders other than PD, and their relation to light hypersensitivity, suggests the importance of carefully assessing subsyndromal panic symptoms. These subsyndromal symptoms may explain seasonal changes in some aspects of the course of clinical Axis I disorders (for example, depressive episodes with summer recurrences), even though patients may not be directly sensitive to environmental light changes. Therapeutic implications may also be significant.
Finally, the correlation between light sensitivity and spectrum phenomena, as well as the correlation between light sensitivity and clinically evident PD, provides an outside assessment of the panic-agoraphobic spectrum and attests to its uniformity and internal consistency. It contributes to justifying the extensive development and diffusion of such a model to overcome the limitations of current psychiatric nosography.
Our study presents some limitations. We studied a small sample that was not homogeneously distributed between men and women. Moreover, photophobia and photophilia scores did not show a Gaussian distribution. Further, the PAQ was designed for a Mediterranean population, and its outside test validity and reliability were evaluated in an Italian population only. Further studies are therefore needed to conduct a more in-depth investigation of the relations among the spectrum model, nosographic entities of current classification systems, and light sensitivity, using larger samples with a broad age range and a homogeneous sex distribution. Résumé : Le spectre panique-agoraphobe et la sensibilité à la lumière dans un échantillon de la population générale en Italie
Objectif : Cette étude visait à vérifier une corrélation possible entre les symptômes paniques et la photosensibilité, non seulement dans le trouble panique (TP) mais aussi dans le spectre panique-agoraphobe.
Méthode : Cent soixante-neuf sujets en santé et non médicamentés ont répondu à l'entrevue clinique structurée, version spectre panique-agoraphobe de durée de vie (SCI-PAS) et au questionnaire d'évaluation de la photosensibilité (PAQ).
Résultats : Le score total à la SCI-PAS de durée de vie avait une corrélation positive (r = 0,44; P < 0,001) avec le score total de la sous-dimension photophobie du PAQ. Le score total à la SCI-PAS de durée de vie n'était pas significativement corrélé à la sous-dimension photophobie. À mesure qu'augmentait la photophobie, nous avons observé une augmentation significative des scores dans tous les domaines de la SCI-PAS de durée de vie; la corrélation simple indiquait un coefficient plus élevé de corrélation entre le domaine des symptômes de forme panique et la photophobie (r = 0,44; P < 0,001).
Conclusions : Un score total élevé à la SCI-PAS, qui dénote plus de caractéristiques typiques du spectre, est associé à un niveau plus élevé de sensibilité à la lumière et d'intolérance aux stimuli brillants. Ce résultat reflète les données probantes cliniques qui documentent abondamment les comportements photophobes chez les sujets souffrant de TP, et l'importance de l'exposition aux stimuli lumineux au début et au cours de ce trouble. La stimulation brillante semble pertinente pour les diagnostics de TP selon les critères actuels du DSM et dans le spectre panique-agoraphobe en entier, depuis les éléments nucléaires du trouble jusqu'aux états sous-cliniques de l'état normal.
